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ABSTRACT 
.. , The relationship between natural shear strengths measured at 
arbitrary rotation rates of 6 and 23 m•rad/s (21 and 79 deg/min) was 
developed using laboratory vane test values from 56 marine core 
samples from the Wilkinson Basin, Gulf of Maine; Exuma Sound, Bahamas; 
Gulf of Mexico; San Diego Trough; and Gelfo San Mat(as, Argentina. 
Results of linear least squares regression analyses show that the 
shear strength measured at 23 m•rad/s is 4-27% greater than if · 
measured at 6 m-rad/s. The increase was a fairly constant 13% for 
good quality cores; the extremes occurred in highly disturbed cores 
{4%) and those with high carbonate content {27%). It was detennined 
that sampling disturbance tends to minimize the effect of rotation 
·rate on shear strength. 
Average soil types for the core groups were detennined using 
Atterberg limits and grain size analyses. A combination of the 
regression and soil type analyses showed that the relationsh,ip of 
. 
the shear strengths at the two rates is independent of the soil 
particle size for the materials tested. A hypothesis is proposed 
relating the rotation rate effect on shear strength to the deposition 
rate of the sampled area. 
.. 
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INTRODUCTION 
A vane shear test is a co1T111on means of detennining the shear 
strength of cohesive soils by measuring the maximum torque created on 
a square or rectangular vane rotated in the soil. Factors that in-
fluence the shear strengths obtained by a vane shear test have been 
studied since the test was first proposed; su11111aries of these factors 
include Cadling and Odenstad (1950), Osterberg (1957) and Flaate (1966). 
One of the principal influencing factors is the effect of the vane 
rotation rate on the shear strengths. 
Skempton (1948) used an angular speed of 1.7 m•rad/s (6 deg/min) 
in his tests since the time to failure_at this rate was comparable to 
laboratory compression tests. (Milli-radians per second is the appro-
priate SI unit used for angular velocity.} 
Carlson (1948) selected the same rate of 1.7 m•rad/s because it yielded 
shear strengths only 5% higher than those he predicted for a theoreti-
cal zero rotation rate. 
Cadling and Odenstad (1950) compared shear strengths measured at 
1.7 m•rad/s to those measured at 17 m-rad/s (60 deg/min). Their study 
showed the shear strength tested at 17 m•rad/s to be 20% higher com-
pared to 1.7 m•rad/s. They concluded that the latter rate should be 
used because it was the slowest rate that could be maintained by hand 
and it resulted in lower shear strengths than the faster rates. 
Goughnour and Sallberg {1964) observed an increase in shear 
strength with increasing rotation rate for dilatant soils but found no 
2 
rotation rate effect in clays. They concluded that the change for 
dilatant soils was probably due to the creation of negative pore water 
pressures. Pore water pressures were measured during vane shear tests 
by Wilson (1964). He found both negative and positive pore pressures 
and that the torque was 25% higher when measured at the 1.7 m•rad/s 
rate compared to an infinitesimal rate. No cqnversion from torque to 
shear strength was made by Wilson. Contrary to the earlier studies of 
Cadling and Odenstad (1950), Aas (1965) found no significant change in 
shear strengths measured at 1.7 and 17 m-rad/s. 
While the effect of rotation rate on shear strength was being 
\ 
studied, no one angular speed was established as a standard, although 
1.7 m-rad/s had been.generally adopted by convention {Osterberg, 1957). 
In 1972 the American Society for Testing and Materials (ASTM) set 
1.7 m•rad/s as the maximum allowable rotation rate for the field test-
ing of terrestrial .soils. Prior to the early .1970's,all of the 
rotation rate effect studies had been done on terrestrial soils or on 
marine soils that had been geologically uplifted above sea level. 
With the expansion of soils exploration into the marine environ-
ment, the vane shear test became the most corrnnon test for shear 
strength determination. In 1959 a laboratory vane was used routinely 
to test marine soil cores using the 1.7 m-rad/s rotation rate 
(Richards, 1962}. By the mid-l960's, the rate of the laboratory vane 
was increased by Richards and his colleagues to 6 m-rad/s (21 deg/min) 
to minimize the possibility of water drainage along the failure 
3 
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surface during the test. At this time the 1.7 m•rad/s standard rate 
was considered by Richards et al. (1972) to be too slow for marine in-
--
place testing where time conservation is desirable and therefore, a 
rate of 23 m•rad/s (80 deg/min) was adopted. Subsequently, rates of 
23 to 26 m•rad/s (80-90 deg/min) were adopted by several other marine 
groups (Richards, 1974). With the use of higher vane rotation rates 
on marine soils, the question of the rotation rate effect on shear 
strength and its relationship to slower rates of rotation was in need 
' 
of reexamination. 
All but one of the previous studies of the rotation rate effect 
in marine soils have been done at least in part with remolded samples. 
Singler (1971) found shear strengths measured at 1.7 and 3.4 m•rad/s 
(6 and 12 deg/min) to be essentially equal and stated that higher 
rates give erroneously high values. The soil he used was not identi-
fied as anything but clay and has been assumed to be marine clay. 
The only previous study to include the effect of rotation rate on 
the shear strength of natural marine samples was done by Migliore and 
Lee (1971). They measured the shear strengths of natural and remolded 
~TJJ 
·+ samp 1 es at four rates ranging from l. 7 to 190 m. rad/s ( 6 to 672 deg/min). 
They observed a definite rate effect that was stronger for the undis-
turbed soils than the remolded. This rate effect did not appear to 
increase significantly with soil strength. 
Halwachs (1972) extended the work on high rotation rate effects on 
remolded, consolidated samples. He found the shear strengths measured 
4 
- - -·':,~; _.... - . -· 
at 209 m•rad/s (720 deg/min) to be 46% greater than those measured at 
0.3 m-rad/s (1 deg/min). Also, compared to a rotation rate of 26 m-rad/s 
(90 deg/min), he found a 22% increase at 209 m-rad/s, a 10% decrease at 
1.7 m.rad/s and a 16% decrease at 0.3 m•rad/s. 
Manney (1974) found an average increase of about 29% in shear 
strength for a remolded consolidated clayey silt measured at 26 m•rad/s 
as compared to 0.3 m-rad/s. He also reconmended the standardization of 
the 26 m•rad/s rate for the following reasons: (1) in sediments for 
which the vane shear test is applicable, this rate will likely create 
an undrained shear failure, (2) the change in shear strength with 
small differences in the rotation rate is very small for this rate, 
and (3) the tests can be performed qufckly. 
This paper presents the results of a study of the relationship 
between the shear strengths of natural marine soils measured at 6 and 
23 m•rad/s, based on nearly a deca9e of laboratory measurements, and 
assesses the effects of disturbance and soil properties on this rela-
tionship by considering the methods·of collection and analysis of the 
cores. 
CORE COLLECTIO~~ 
The cores used in this study were collected from the Wilkinson 
Basin, Gulf of r1a i ne; Exuma Sound, Bahamas·; Gulf of Mexico; San Di ego 
Trough; and Gelfo San Mat,as, Argentina. All of the cores, except as 
noted belo~, were collected with variations of an Illinois, plastic-
barrel gravity corer (Richards and Parker, 1968); the only modificati01s 
5 
\ 
were the use of different weights and barrel materials. The 1972 San 
Diego Trough cores were collected with a primitive type of gravity 
corer. The corer quality, using the criteria presented by Richards 
and Parker (1968), is class 2, good to very good, for the Illinois 
, 
corer and class 3 or 4, fair to inferior, for the primitive corer. 
The handling of the cores between collection and analysis was such that 
any disturbance occurring in this stage should be minimal compared to 
sampling disturbance. 
LABORATORY PROCEDURES 
The analysis of each core included tests of most of the major geo-
~ 
technical properties. However, for this study only the vane shear 
strength, Atterberg limits, and grain size measurements were used. 
Laboratory procedures for the latter two analyses are outlined in 
Table 1 • 
The vane shear strength was measured using a motorized Wykeman~ 
Farrance laboratory vane having a vane diameter of l .27 cm and a vane 
height of 2.54 cm. While the sample was still confined in the core 
barrel, the natural shear strengths were measured at rotation rates of 
6 and 23 m•rad/s. 
To calculate shear strength, the ASTM {1974) equation, from 
Standard D2573-72, for a 2:1 height to diameter rectangular vane is: 
T 
T =-------
3 • 66 x 1 o-6 o3 
where Tis the shear strength ·(Pa), T. is the torque (N·m), and Dis the 
vane diameter (cm). 
6 
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DATA REDUCTION AND ANALYSIS 
The cores from two of the areas were subdivided into core groups. 
The Gulf of Mexico cores were categorized by sampling location into 
three subgroups: r,1ississippi Delta cores, Abyssal Plain cores, and 
110ther 11 cores not belonging to either of the first two subgroups. The 
San Diego Trough cores taken in 1972 with the primitive-type gravity 
corer are referred to as 0-cores and all other San Diego Trough cores 
as S-cores. The cores from the Wilkinson Basin, Exuma Sound, and 
Golfo San Matras were not subdivided. .. 
Two least squares linear regressions were made using the natural 
q 
shear strength values obtained at the two rotation rates. The first 
regression was done ~ith the shear strengths measured at 6 m-rad/s on 
the abcissa and those measured at 23 m•rad/s on the ordinate.- The 
second regression was made with the axes reversed to find the relation-
ship giving the lesser standard error of estimate. The coefficient of 
correlation, slope, intercept, standard error of estimate, and standard 
error in the slope were calculated for the regression line fitted to 
the data of each core group and subgroup. , 
For the eight core groups and subgroups, 154 pairs of Atterberg 
limits and 287 grain size distributions were analyzed to find the rang~ 
mean and standard deviation for both tests. The results of these 
analyses were then used to classify the average soil type in each core 
group ~nd subgroup. 
;· 
I • 
,; 
.. 
.. 
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RESULTS AND DISCUSSION 
The linear regression equations derived from the relationship of 
. shear strength at 23 m-rad/s on the abcissa and 6 m•rad/s on the ordi-
nate resulted in a slightly lower standard error of estimate than the 
regression with the axes reversed. The former have been used in 
Figure l, Wilkinson Basin; Figure 2, Gulf of Mexico; and Figure 3, 
San Diego Trough. Table 2 is a summary of the least···squares linear 
regressions with shear strength measured at 23 m•rad/s on the abcissa 
and 6 m-rad/s on the ordinate for each core group and subgroup. In 
the results to be presented, the Gelfo San Mat(as data are different 
from all the other areas. Results from this area have been excluded 
from the following discussion;· however, they will be discussed separ-
ately. 
The coefficients of correlation for the core group and subgroup 
regressions range from 0.83 to 0.99. This indicates that there is a 
very good direct relationship between the shear strengths measured at 
the two rotation rates. This generally corroborates the relationship 
between shear strength and rotation rate found by previous investi-
gators. 
• 
The regression lines are defined by the slope and intercept. The 
slopes range ~etween 0.79 and 0.96; the intercepts range from -0.20 to 
0.10 kPa if the core groups of Exuma Sound and 11 0thers 11 are excluded 
together with the Golfo San Mat(as data. Considering the error factor 
in measuring the shear strengths, for all practical purposes the inter-
cepts within this range can be assumed to be zero. Therefore, any 
relationship derived by analyzing the data can be extended back to the 
8 
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origin and the slope value alone gives the relationship between the 
shear strength measured at 23 and 6 m-rad/s. Thus, based on the 
slopes of the regression lines ranging from 0.96 to 0.79, the shear 
strength measured at 23 m-rad/s is 4 to 27% greater than the shear 
strength measured at 6 m-rad/s. Values of the standard errors in the 
slope are very small (Table 2) and for discussion purposes they can 
be ignored. 
Having established the relationship between shear strengths 
measured at the two speeds, the next step was to determine what factors 
might influence it. Soil type was selected as a logical possibility. 
The soil types were identified according to the Unified soil classifi-
cation (Table 2) and the Shepard (1954) triangular ~iagram (Figure 4). 
The regression lines for the Wilkinson Basin, San Diego S-cores 
and Gulf of t1exico core groups have identical intercepts of 0.10 kPa 
and slopes varying from 0.87 to 0.89, yet the soil types range from 
.silty clay (70% <2 µm) for the Gulf of r,1exico to clayey silt 
{35% <2 µm) for the San Diego S-cores. This shows that over the 
range of soil types investigated the relationship between shear 
strength and rotation rate is independent of particle size. 
The regression values for the San Diego core groups are similar 
except for the slopes. The regression line slope is 0.96 for the rela-
tively disturbed 0-cores and 0.87 for the relatively undisturbed S-
cores. This means that the shear strength measured at 6 m.rad/s is 4% 
,,~- less than that measured at 23 m-rad/s for the a-cores, and 15% less for······ 
the S-cores. 
9 
'. 
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It is concluded that the remolding influence of sampling disturbance 
tends to minimize differences of the shear strength determined at vane 
' rotation rates of 6 and 23 m•rad/s. These results corro,borate the 
report by Migliore and Lee (1971) that the laboratory shear strength 
differences resulting from vane rotation rate differences were greater 
on higher quality samples than on lower quality samples. 
The regression values that do not fall within the previously 
., 
mentioned ranges can be .explained by closer investigation of the 
specific core group. The Exuma Sound core with the large intercept 
(3.24 kPa) was almost entirely composed of carbonate (Miller and 
" Richards, 1969). While the abnormally high intercept-value cannot 
blindly be attributed to the high carbonate content, it appears to be· 
the most likely influencing factor. The 11 0ther 11 core intercept 
(0.49 kPa) is also tentatively attributed to carbonate content, which 
is less than in the Exuma Sound core but significantly greater than the 
other core groups or subgroups. The values for the Golfo San r-1at(as 
core, which are not consistent with those of the other core groups or 
subgroups, may be explained by the condition of the core that was dis-
turbed by entrapped gases (Richards and Dzwi l e\-1skj, 1974). 
The regression .analyses suggest a relationship between the deposi-
tion rates in the areas from which the cores were taken and the slopes 
' 
.. ':-of the regression lines. The following core groups and subgroups, with 
their respective regression line slopes, represent conditions .of rela-
tively rapid deposition: Mississippi Delta (0.86), San Diego S-cores 
(0.87), and Wilkinson Basin {0.89). The Gulf of Mexico Abyssal Plain 
10 
... 
(0.95) represents conditions of relatively slow deposition. The re-
mainder of the core groups and subgroups were excluded from the 
comparison doe to inconsistencies in their regression values or poor 
core quality. The proposed hypothesis is that soil from areas repre-
senting a very slow rate of deposition is re'tatively insensit·ive to 
differences in vane rotation rate. The converse is that soil from 
areas representing a rapid rate of deposition is much more sensitive 
to rotation rate. The latter materials will exhibit a substantially 
higher shear strength at faster rates of rotation than at lower rates 
of rota ti on. 
CONCLUSIONS 
There is a definite relationship between the natural shear 
strengths of marine soil samples measured at 6 and 23 m-rad/s. For 
all of the core groups and subgroups, with the exceptions of the 
; Golfo San rv1at1as, Exuma Sound, and Gulf of Mexico 11 0ther 11 cores, the 
linear regression line intercept is within experimental measuring 
error of the origin. For the same core groups and subgroups the re-
gression line slopes range from 0.96 to 0.79, indicating that the 
shear strength measured at 23 m•rad/s is from 4 to 27% greater than 
if measured at 6 ni.rad/s. For good quality cores, the increase was a 
fairly constant 13%; the 4% increase was measured in cores that were 
highly disturbed during sampling; and the 27% increase was in a core 
that had a very high carbonate content.-
The difference be,tween shear strengths measured at the two 
rotation rates is independent bf the soil particle size for the size 
11 
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range from ~ilty clay to clayey silt. The previously mentioned 
influence of the carbonate content indicates that whi-le the rotation 
rate effect is independent of the soil particle size, it may be 
affected by other properties, such as chemical composition and fabric. 
The determination of a definite relationship bet\'1een the natural 
shear strengths of marine soil samples measured at two different 
rotation rates is an important advancement in the testing of marine 
soils. This shows that with proper further investigation it may be 
possible to accurately compare the shear strengths of marine soils 
tested at different rotation rates and thus possibly eliminate the 
·· need for the establishment of a standard rotation rate for marine 
in-place testing. 
It is proposed that any further investigation should include the 
following: (1) a detailed investigation of the geotechnical properties 
of similar quality cores with identical shear strength to rotation. 
rate relat·ionships to isolate and detennine any properties that might 
affect the relationship between shear strength and rotation rate; 
and (2) a study of the disturbance effect on the rotation rate-shear 
strength relationship since most marine soils for analysis are 
collected by core samplers and thus vary in their degree of disturb-
ance. 
1i. 
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Test 
Atterberg Limits 
Liquid Limit_, wl 
--~ 
TABLE 1 - Laboratory Analysis Procedures 
ASTM Modifications 
Designation 
( ASTM , l 97 4 ) 
0423-66 (1972) Sample was neither dried 
nor sieved before analysis; 
water was never added to 
sample; and resulting ~ 
percentage was not corrected 
for salt content. 
Plastic Limit, wp 0424-59 (1971) Same as liquid limit. 
Grain Size . 0422-63 (1972) Salt removed from sample 
by washing. 
Notes 
Usually perfonned on 5-cm 
core lengths; 3 tests/core 
at 0-5, 80-85 and 140-145 cm 
depths. 
Same as liquid limit. 
Same as liquid limit; 
Clay size <2 µm; silt size· 
2-62 µm; and sand size >62 µm. 
-~ 
r 
.. 
TABLE 2 - Classification and Statistical Parameters* 
Core Group Unified Mean Number Coeffi- R i Li egress on ne Soil % of Cores cient of Slope Inter- Standard Error Standard Classi- <2 µm Analyzed Correla- cept, of Estimate in Error of I , fication (Data tion kPa Y (23 m•rad/s), Slopej 
--· Points) kPa X 10-
Wilkinson Basin CH-OH 56 9 (132) 0.93 0.89 o. l 0 0.39 3 
San Diego Trough ), 
0-cores CH-OH 35 14 (172) 0.99 0.96 0.00 0.39 1 
S-cores CH-OH 33 5 (55) 0.95 0.87 0.10 0.59 4 
0- and S-cores 
---
CH-OH 35 19 (227) 0.98 0.96 0.00 0.49 l 
Gulf of Mexico ~ 
.. 
I (72) Abyssal Plain. CH 70 9 0.96 0.95 ~.20 0.59 3 
Mississippi Delta ·CH-OH 70 9 ( l 07) 0.95 0.86 0.10 0.59 3 ... r·. 
11 0ther 11 CH 71 8 { 131) ] 0.83 0.79 0.49 0.69 5 
All Gulf of Mexico CH 70 · 26 (310) 0.92 0.87 0.10 0.69 2 
Exuma Sound ML 46 l (4) 0.90 0.92 3.24 0.88 20 . 
,. 
OH-MH 58 l ( 13) 0.36 0.57 0.78 0.69 40 Golfo San Matias 
~ * See text for explanation. 
.. 
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Figure 1. Data and linear regression equation for the relationship 
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for the Wilkinson Basin cores. 
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Figure 4. Shepard (1954) classification of the soil types for cores 
from the Wilkinson Basin, Gulf of Maine; Exuma Sound, 
Bahamas; Gulf of Mexico; San Diego Trough; and Gelfo San 
Matfas, Argentina. 
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